Objective: To compare clinical and humoral parameters before and after surgery in patients with incidental adrenocortical adenomas. Design: Six patients with subclinical Cushing's syndrome and nine with non-functioning adenomas were investigated before and 12 months after removal of the mass. Methods: Anthropometric (body weight, body mass index and waist to hip ratio), haemodynamic (blood pressure and heart rate), metabolic (lipids and oral glucose tolerance test (OGTT)), hormonal (cortisol, plasma renin activity, aldosterone, androgens and catecholamines) and bone metabolism (hydroxyproline, parathyroid hormone, osteocalcin and ostase) parameters were evaluated. Results: In the whole group, a significant decrease in body weight ð69:7^3:5 vs 70:8^3:5 kg; P , 0:03Þ; in systolic ð135:3^5:1 vs 145:6^4:9 mmHg; P , 0:009Þ and diastolic ð83:7^1:9 vs 91:0^3:5 mmHg; P , 0:03Þ blood pressure and in glucose levels in response to OGTT ð106:4^9:6 vs 127:5^6:5 mg=dl; P , 0:05Þ was observed after surgery. All other parameters examined did not change significantly. This trend was also found in both groups separately. Analytical data showed a high frequency of overweight/obesity (66.6%), hypertension (66.6%) and impaired glucose profile (26.6%) in our patients, with a greater prevalence of these cardiovascular risk factors in the subclinical Cushing's syndrome group. After surgery, values normalized or improved in eight out of ten hypertensive patients and in three out of four patients with impaired glucose profile. Conclusions: Solid adrenocortical incidentalomas are associated with some cardiovascular risk factors which may be corrected after removal of the mass. Therefore, surgery may be an appropriate choice in patients with subclinical Cushing's syndrome but also in those with solid non-functioning adenomas and coexistent cardiovascular risk factors.
Introduction
Several reports on asymptomatic incidentally discovered adrenal masses indicate that subclinical Cushing's syndrome is not uncommon, ranging between 5 and 14% (1 -8) . Recognition of this disease is important for many reasons. Firstly, it could evolve into overt disease (3, 9, 10) with the well-known haemodynamic and metabolic consequences. Secondly, in the case of surgical removal of the mass, perioperative cortisol replacement therapy is recommended to avoid the risk of adrenal insufficiency due to suppression of the contralateral normal gland (3, 6, 9, 11) . Thirdly, we cannot exclude the possibility that subclinical Cushing's syndrome is responsible for or contributes to the development or maintenance of some haemodynamic or metabolic alterations, typical of the overt form. Accordingly, in the literature there are several reports on associations between subclinical Cushing's syndrome and hypertension, obesity, diabetes or bone metabolism impairment (3, 12 -20) . A similar association was found even in non-functioning adenomas, in which the global cardiovascular risk seems to be higher than in the general population (6, 17, 20 -24) . Following these findings, surgery would seem to be a valid therapeutic approach for all solid adrenal incidentalomas.
The aim of our prospective study was to compare anthropometric, haemodynamic and humoral parameters before and after surgery in patients with solid adrenocortical incidentalomas, both with subclinical Cushing's syndrome and with non-functioning adenomas.
Subjects and methods

Patients
Among patients referred to our Institution for adrenal incidentalomas, six patients with subclinical Cushing's syndrome and nine with solid non-functioning masses were consecutively operated on. In the latter, the removal of the mass was due to mass size over 3.5 cm in diameter ðn ¼ 6Þ; radiological features suggestive of malignancy ðn ¼ 2Þ and increase in tumour size ðn ¼ 1Þ: Thus, we studied 15 patients (three males and 12 females) aged from 33 to 71 years (mean age 50.6 years) after obtaining their informed consent to enter this study. Adrenal masses had been detected by ultrasonography and by computed tomography, performed in all cases for unrelated diseases. No patient showed signs and/or symptoms of hormonal hypersecretion, except for hypertension, disturbed glucose tolerance and obesity. Adrenal masses, six right-sided and nine left-sided, ranged in size from 20 to 52 mm in diameter ð37^2:7 mm; means^s:e:Þ: Subclinical hypercortisolism was considered in accordance with the recommendations of the National Italian Study Group on Adrenal Tumors: no clinical sign of hormone excess and presence of at least two abnormalities in hypothalamic -pituitary -adrenal function. A necessary condition was failure to achieve plasma cortisol suppression to below 50 ng/ml by 1 mg dexamethasone (DEX). Other abnormalities included reduced adrenocorticotrophin (ACTH) levels, high urinary free cortisol (UFC), and lack of a circadian rhythm (7) . Diagnosis of non-functioning masses was made after exclusion of abnormal secretion of glucocorticoids, catecholamines, androgens or precursors and after exclusion of primary aldosteronism: plasma aldosterone (ALD) , 20 ng/dl, ALD/plasma renin activity (PRA) ratio , 112 (95% upper confidence limit of normal values obtained from 82 patients with essential hypertension) and normal responses to captopril (50 mg os) and saline loading (2 litres saline in 4 h) tests. ALD values above 15 ng/dl after captopril and above 10 ng/dl after salt loading were considered a typical feature of hyperaldosteronism. The hormonal pattern of the patients with subclinical Cushing's syndrome (four females and two males, mean^S.D. age 50:8^13:2 years, range 33 -71 years) is shown in Table 1 , and that of patients with non-functioning masses (eight females and one male, mean^S.D. age 50:5^9:5 years, range 33 -61 years) is also shown in Table 1 . Except for the hormones related to the pituitary-adrenal axis, none of the other parameters investigated showed any significant differences between the two groups. However, in patients with subclinical Cushing's syndrome we found higher blood pressure and post-oral glucose tolerance test (OGTT) glycaemia, and lower PRA, kalaemia and dehydroepiandrosterone sulphate (DHEA-S) values than in patients with nonfunctioning adenomas, though not to a significant extent ( Table 2) .
The patients underwent laparoscopic adrenalectomy without post-operative complications. Resected tumours were diagnosed histologically as adrenocortical adenomas in all cases. Post-operative hydrocortisone 
Evaluation before and after surgery
Anthropometric, haemodynamic, hormonal and humoral parameters were obtained before and 12 months after the removal of the mass. On both occasions, prior to testing, patients received a saltcontrolled diet (80 -100 mmol/day sodium and 60 -80 mmol/day potassium) and patients taking drugs (anti-hypertensive or other drugs) suspended medication for at least 2 weeks prior to the study. No women took drugs to prevent osteoporosis before or after surgery. On the test day all patients underwent blood sampling at 0800 h in fasting and sitting conditions.
Anthropometric and haemodynamic parameters
Body weight, body mass index (kg/m 2 ) and waist to hip ratio were evaluated in the morning. To define overweight or obesity, recent International Guidelines were adopted (25) . Blood pressure was recorded by mercury sphygmomanometer following recent guidelines (26) .
Humoral parameters Urinary excretion of potassium (mEq), sodium (mEq), creatinine (mg) and protein (g) were measured over a 24-h period on 2 consecutive days. Plasma glucose (mg/dl), total cholesterol (mg/dl), high density lipoprotein (HDL) cholesterol (mg/dl), triglycerides (mg/dl), creatinine (mg/dl), sodium (mEq/l) and potassium (mEq/l) were evaluated. The OGTT was also performed: after an overnight fast, subjects were given an oral dose of glucose (75 g). Plasma for glucose determination was collected at 0 and 120 min. To establish the presence of impaired fasting glucose, impaired glucose tolerance or diabetes, recent International Guidelines were adopted (27) . Bone metabolism parameters Urinary excretion of calcium (mEq), phosphorus (mEq) and hydroxyproline (HOP; mg) was measured over a 24-h period. Plasma samples for calcium (mg/dl), phosphorus (mg/dl), alkaline phosphatase (U/l), parathyroid hormone (PTH; pg/ml), osteocalcin (ng/ml) and ostase (pmol/ml) were collected.
Assays
Plasma and urinary samples were collected, centrifuged and stored at 2 70 8C until assayed. Serum total calcium, phosphorus, creatinine, glucose, sodium, potassium and alkaline phosphatase total activity were determined by a multichannel autoanalyzer. Total and HDL cholesterol and triglycerides were evaluated using an enzymatic method (Menarini, Florence, Italy). Urinary HOP was assessed, after reverse phase high-performance liquid chromatography, fluorometrically by kits from Bio-Rad Laboratories, Inc. (Segrate, Italy; intra-and interassay coefficients of variation (CV), 6.6% and 12.3% respectively).
All hormones were assayed in duplicate and in the same run using specific commercial radioimmunoassay kits, except for intact PTH (two-site immunochemilumimometric assay; Chiron Diagnostics, East Walfale, MA, USA) and catecholamines (high-performance liquid chromatography). Intra-and interassay CV values of the hormones were as follows: DHEA-S (Radim, Rome, Italy), 6.8% and 8.1%; 17a-OHprogesterone (ICN Biomedicals, Costa Mesa, CA, USA), 9.4% and 11.8%; androstenedione (Sorin, Saluggia, Italy), 7.1% and 10.8%; cortisol (Immunoteck International, Marseille, France), 5.7% and 6.6%; ACTH (Nichols Institute Diagnostics, San Juan Capistrano, CA, USA), 3.1% and 7.3%; ALD (DiaSorin, Saluggia, Italy), 9.7% and 11.5%; PRA (DiaSorin), 7.6% and 9.1%; osteocalcin (Stillwater, Minnesota, USA), 8.2% and 10%; ostase (Beckman Coulter, CA, USA), 6.7% and 8.1%; free testosterone (Diagnostic Systems 
Statistics
All data are expressed as the means^S.E.M. A nonparametric test (Wilcoxon rank test) was used to analyze intra-group variations before and after surgery and to compare the two groups. P values of less than 0.05 were considered significant.
Results
In all patients with subclinical Cushing's syndrome cortisol response to DEX was restored after removal of the mass ð8:8^1:3 vs 151:6^12:7 ng=ml; P , 0:0001Þ: In patients with non-functioning adenomas, the normal cortisol suppression to DEX before surgery was maintained after the operation ð9:4^2:3 vs 179:31 6:3 ng=ml; P , 0:0001Þ: In the whole group, a significant decrease in body weight ð69:7^3:5 vs 70:8^3:5 kg; P , 0:02Þ; systolic ð135:3^5:1 vs 145:6^4:9 mmHg; P , 0:01Þ and diastolic ð83:7^1:9 vs 91:0^3:5 mmHg; P , 0:05Þ blood pressure and in glucose levels in response to OGTT ð106:4^9:6 vs 127:5^6:5 mg=dl; P , 0:05Þ as well as an increase in plasma potassium ð4:2^0:13 vs 3:8^0:15 mEq=l; P , 0:002Þ were observed after surgery. All other parameters examined, including sex hormone levels, ALD and PRA values showed no significant change (Table 3 ). This pattern was also found in both groups separately, even though the reduction in body weight ð69:5^4:9 vs 71:6^4:8 kg; P , 0:01Þ and in systolic blood pressure ð130:8^6:4 vs 140:2^7:2 mmHg; P , 0:05Þ reached statistical significance only in non-functioning adenomas.
Interesting findings were obtained from the analytical data. A high prevalence of overweight/obesity (66.6%), hypertension (66.6%) and glucose intolerance/diabetes (26.6%) was found in the whole group with adrenal incidentalomas. In particular, in subclinical Cushing's syndrome, four out of six patients were overweight, five had hypertension, two showed impaired fasting glucose, four had low osteocalcin and three elevated PTH levels. After surgery, two patients showed normalized and another two improved blood pressure (Fig. 1a) , and previously impaired fasting glucose was restored in one case. Interestingly, all these patients had shown adrenal insufficiency after surgery with consequent hydrocortisone replacement therapy. No modification was found in the overweight patients or in those with altered osteocalcin and PTH values. In non-functioning adenomas, six out of nine patients were overweight or obese, five were hypertensive, three had dyslipidaemia, two showed diabetes and three had low osteocalcin. After surgery, three patients showed normalized and one improved blood pressure (Fig. 1b) , and the disappearance of diabetes was found in the two patients with this metabolic disorder. No change was observed in the patients with dyslipidaemia, overweight or obesity and with low osteocalcin levels. Thus, removal of the mass normalized or improved blood pressure in eight out of ten patients (80%) and the glucose profile in three out of four patients (75%).
Discussion
The therapeutic choice in solid adrenal incidentalomas is still under debate. For adrenal masses of large dimensions (. 3.5 -4.0 cm) and/or with radiological features of malignancy and for hyperfunctioning masses, the surgical approach is commonly recommended (7, 28, 29) . In contrast, doubts exist for patients with subclinical Cushing's syndrome and for those with nonfunctioning, apparently benign, small adenomas. According to some authors (20, 30, 31) , the rarity with which subclinical Cushing's syndrome evolves into the overt form and the persistent functional inactivity of non-functioning adenomas suggests that these patients should be followed only with clinical and radiological examinations. Other authors claim that the high prevalence of cardiovascular risk factors in patients with adrenal masses, both sub-clinical Cushing's (3, 12 -20) and non-functioning tumours (6, 17, 20 -24) , requires surgical treatment, especially in patients with hypertension, obesity, glucose intolerance or diabetes. Accordingly, an improvement in cardiovascular risk factors after surgery has been occasionally reported in patients with adrenal incidentalomas (11, 20, 24, 32) . The tendency towards the surgical approach is further encouraged by the finding that the new laparoscopic adrenalectomy technique has shown superiority over conventional open adrenalectomy in terms of post-operative recovery, hospital days and overall cost (33) .
Our investigation was prospective and was planned to consecutively include patients with solid adrenal masses, independently of the presence or absence of cardiovascular risk factors. The follow-up was fairly prolonged to monitor possible haemodynamic and metabolic modifications. Finally, at variance with other published data (10, 20, 24) , only in our study the gold standard was to evaluate the impact of surgery on several cardiovascular risk factors in patients with adrenal masses. Unfortunately, the limited number of patients recruited in our study does not allow a clear-cut evaluation of the prevalence of cardiovascular risk factors in adrenal incidentalomas. Therefore we are aware that our data need to be considered as preliminary results and confirmed in larger series of patients. Despite these reservations, the present data confirm the high prevalence of hypertension, obesity and metabolic disorders in well-ascertained cases of subclinical Cushing's syndrome, indicating, in addition, that after removal of the adrenal mass some cardiovascular risk factors are reduced and this reduction is maintained for a considerable time. An interesting and unexpected finding of our results was that even in patients with non-functioning adenomas the prevalence of cardiovascular risk factors is elevated and some factors (hypertension and diabetes) normalized after surgery. It is difficult to establish whether there is a pathophysiological link between removal of the adrenal mass and normalization of cardiovascular risk factors in such patients. Only prospective studies in groups of patients with adrenocortical adenomas randomized for surgery or for medical follow-up, and studies on patients operated on for incidentaloma that turn out to be nonadrenal masses might offer more detailed information. However, since a relationship between cortisol and cardiovascular risk factors is well-known in Cushing's syndrome, we can hypothesize a similar inter-relationship in subclinical Cushing's syndrome, in which an impairment of the hypothalamic-pituitary -adrenal axis is present, albeit more qualitative than quantitative. Indirect proof of this assumption is derived from our finding that the patients with subclinical Cushing's syndrome who experienced adrenal insufficiency after surgery (for adrenal contralateral suppression by the hyperfunctioning adenoma) obtained greater benefits, at least for blood pressure. In contrast, the link between surgery and cardiovascular risk improvement is apparently inexplicable in non-functioning adenomas, even though the accumulation in precursors of the glucocorticoid and mineralcorticoid pathways (34 -36) may have a possible role. However, an improvement of post-surgery lifestyle may also be responsible for the reduction in some cardiovascular risk factors.
Data on bone metabolism in adrenal incidentalomas are discordant, with reported normal (37) or reduced (38) bone mineral density. As far as humoral markers are concerned, bone apposition has been constantly shown to be reduced (38 -40) while data on markers of bone resorption are conflicting (39, 40) . Our results showed that calcium -phosphorus metabolism and markers of bone resorption were normal while osteocalcin was reduced in some patients in both groups, with a picture of secondary hyperparathyroidism in subclinical Cushing's syndrome. However, after surgery no improvement was found in our study, although 12 months follow-up may be too short a time to observe modifications in bone parameters.
In conclusion, we found that adrenal incidentalomas, namely those with subclinical Cushing's syndrome, are associated with some cardiovascular risk factors which may be corrected by removal of the mass. Therefore, if our results are confirmed on more numerous patients, laparoscopic surgery may be preferred not only in patients with subclinical Cushing's syndrome but also in those with solid non-functioning adenomas and coexistent cardiovascular risk factors.
